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Community-based resource management is a key approach to achieve successful
small-scale fisheries and marine conservation. Many local management initiatives
worldwide have been successfully managing aquatic resources and livelihoods of
communities depending on them. Community-based management is particularly
prevalent in small tropical islands where communities are frequently heavily dependent
on coral reef ecosystems and small-scale reef fisheries for their livelihoods. Community-
based management is, however, not always a panacea since there are inherit trade-
offs among multiple objectives which are sometimes accentuated by community
heterogeneity. It is well recognized that perceived and real evidence of community
benefits are key to attributing success to local community-basedmanagement. However,
broader understanding of community-based management objectives and how fishers’
perceived personal objectives and characteristics affect management outcomes remains
limited. We apply a non-linear Principle Component Analysis (PCA) to explore variations
in personally held community-based management objectives, based on local surveys
for fishing communities in the Kei Islands in Indonesia. We then examine whether
these variations also explain their perceptions of environmental and economic outcomes
that are achieved by this management systems. In this study important differences
are found in the perceptions fishers have of the relative importance of different
community management objectives. The value people attribute to aspects of community
management can be related to their socio-demographic characteristics and experienced
fishers tend to focus more on environmental objectives. Given that strong links were
found between community management outcomes and terrestrially based activities there
is an opportunity to link in the terrestrial and coastal systems management and achieve
multiple objective outcomes.
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INTRODUCTION
Community-based resource management is a key strategy for
small-scale fisheries andmarine conservation (Evans et al., 2011).
Community-based management is particularly prevalent in the
Pacific where communities rely heavily on small-scale fisheries,
and vast coastlines and budget limitation make centralized
management difficult (Govan, 2009). Despite difficulties, many
local management initiatives have successfully managed aquatic
resources and ensured the livelihoods of communities that
depending on access to the marine environment (Gutierrez
et al., 2011). Community-based management, however, is
not a panacea for coastal and marine resource management
everywhere and for everyone, since there are inherent trade-offs
among multiple objectives (Berkes, 2007). It is well recognized
that perceived or realized benefit to communities is the key
to successful community-based management (Measham and
Lumbasi, 2013). However, a broad understanding of variation
in the management objectives held by local people, and more
specifically by fishers, and how individually held objectives
affect fishing behavior and management outcomes, remains
limited.
The management objectives for community-based marine
protected areas (MPAs) in the Pacific were identified by Jupiter
et al. (2014) who highlighted the multiplicity of objectives
and the trade-offs among them. A lack of consideration for
meeting multiple social and biological objectives in the design
of community-based MPAs in Southeast Asia has led to the
expansion of conflict between stakeholders (Christie, 2004). A
study of conflict over marine tenure in Eastern Indonesia found
that discordance in the understanding and practice of traditional
marine tenure between the village head and members of the
community has created tension and conflict (Adhuri, 2013).
Our aim is to illustrate the relationship between fisher’s
perceptions of the relative importance of social, cultural,
economic (fishery), and environmental objectives of
community-based resource management. Using surveys in
fishing communities in the Kei Islands, Indonesia where well-
established traditional tenure systems are still present, variation
and similarities in fisher objectives of community-based
management are evaluated. We further explore how individuals’
perceived objectives of community-based management shapes
their perceptions of stock and habitat status and the economic
performance of the fishery. Local fishers have first-hand
knowledge of the environment that they exploit, including direct
assessments of how marine stocks change over time (Aswani and
Hamilton, 2004). The perceptions and knowledge of artisanal
fishermen with regard to the abundance of marine stocks can
help improve fisheries management and conservation (Johannes
et al., 2000; Aswani and Hamilton, 2004; Begossi, 2008; Hallwass
et al., 2013), for instance, because fishers’ ecological knowledge
provides a cost-effective way to monitor resource status in
the absence of scientific or government collected monitoring
data. The linkage between local ecological knowledge and the
fishers perceived objectives of marine tenure systems, however,
is under studied and this study can provide insights into their
linkages.
MATERIALS AND METHODS
Study Site
The study site is in the Kei Islands, a group of islands
remotely situated in the southeast part of Maluku in the
eastern part of Indonesia (Figure 1). In 2012, it was estimated
that approximately 200,000 people live on the islands. The
main sources of income and livelihood for the small islands
communities is marine capture fisheries, and other marine based
small-scale industries, such as seaweed and pearl cultivation.
The study site has well-established tenure systems where coastal
resources have been communally owned and managed by Sasi
(Thorburn, 2001; Hoshino et al., 2016).
Sasi in Central Maluku is indigenous knowledge or local
wisdom, which has been practiced by fishers for around four
centuries and still exists today. Sasi in Kei islands is not only
part of local wisdom, but it has become the integrated part
of history and customary law of Larvul Ngabal that began in
Kei Islands around the fourteenth century (Mosse et al., 2012).
Sasi in Kei Islands is a customary law (or set of 7 rules) that
prohibit taking or destroying certain high value natural resources
at certain times of the year in order to protect and to ensure
sustainability of the resources in the future. The time to open
and close sasi rules is decided by head of village and staff as
well as representative of village community, called saniri negeri.
Kewang darat/laut is a the name of person or a group of people
that have special task to control the implementation of land sasi
and marine sasi. Sasi is practiced, for instance, to protect lompa
fish (Trisina baelama) and sea cucumber in Central Maluku
(Nikijuluw, 1995). While Sasi darat (land Sasi) controls and
manages agro-forestry, particularly for coconut plantation, in
Kei islands, sasi laut (marine Sasi) applies to the coastal areas,
including Sasi meti, a customary law to harvest all kinds of fish in
the intertidal zone at certain times of the year and day for food
security and household income. Sasi laut is not at the individual
or group level, but applies to village or communal ownership.
Rules for Sasi laut differ in the various villages in the Kei Islands.
Detail descriptions of Sasi rules are discussed elsewhere with
examples of Sasi practices in the Kei Islands andMaluku Province
found in Hoshino et al. (2016), Adhuri (2013), Novaczek et al.
(2001), and Ruttan (1998).
The general goals of implementing Sasi in Kei are: (1) to
manage harmonious social relationship, particularly between
women and men; and (2) to manage natural resources and
the environment (Hoshino et al., 2016). Even though these
high level stated objectives exist, “perceived” objectives may
vary among individuals, which is the subject of the current
study.
Survey
A face-to-face randomized household survey was carried out in
four fishery villages in two subdistricts (Kei Kecil and Dullah
Utara) between November and December 2013 (See Hoshino
et al., 2016 for more information about the survey). The data
obtained in this survey was used to explore the relationship
between the relative importance of different objectives of Sasi laut
as perceived by local fishers, their socio-demographic factors, and
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FIGURE 1 | General location of the Kei Islands (main islands) and study sites at the subdistrict level. Source: Hoshino et al. (2016).
their perceptions of the ecological and economic conditions of
the marine environment in the Kei Islands.
The survey questions regarding the objectives of Sasi laut
were organized into four broad groups: (A) environment,
(B) economic/fishery, (C) social, and (D) cultural objectives
(Table 1). The selection of objectives, and the statement included
in the survey to test the importance of the different objectives,
are based on literature reviews and consultation with local
fisheries and Sasi experts, including key personnel at the local
technical/research institution (Tual State Fisheries Polytechnic)
and researchers at University of Pattimura in Ambon. The
survey respondents were asked to rank different aspects of
Sasi laut according to their relative importance for each group
of objectives. For example, when rating the environmental
objectives, respondents would allocate a score of 1 to the least
important and score of 4 to the most important aspect, and
allocate a score of 2 or 3 to those objectives where the relative
importance was perceived to fall in between. This was repeated
for all objective groups (1 to 4 for A-C, and 1 to 3 for group
D shown in Table 1). The respondents were also asked to rank
the overall importance across the four objective groups (A to D)
using the same scale of 1 (least important) to 4 (most important).
This was then used to calculate the overall score across the
4 objective groups ranging from 1 to 16. For instance, if a
respondent stated that protecting coral reef was most important
(4) in group A, and environmental objective (group A) were
perceived as most important (4) among the four objective groups,
the total respondent’s score for protecting coral reef would be 16
(4 × 4)1. Two main reasons that we chose this approach were
(1) our pilot survey in the field suggested that it was impractical
to ask survey participants to rank all 15 objective options. Aside
from the objectives that lay at the extremes of the scale (i.e., the
generally easy choice for around four objectives that were either
most or least important) respondents found it cognitively difficult
to rank the large number of objective options, thereby reducing
the usability of the overall rankings; (2) as our key interest was to
identify the typology of fishers based on their perceived objective
groups, the objectives were categorized into 4 groups so that the
results could be easily interpreted.
As the study contains face-to-face interviews involving fishers,
ethical considerations were given in designing and conducting
the survey. The ethical application was reviewed and approved
by the Tasmania Social Sciences Human Research Ethical
Committee in accordance with the requirements of the National
Statement on Ethical Conduct in Human Research (National
Statement) (NHMRC, 2007) prior to the commencement
1Since the cultural objective has only three attributes while other groups have four,
weighting was given to the cultural objective ranking so that the maximum score
is consistent (at 16) across all groups.
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TABLE 1 | Objectives of Sasi laut.
Group A: Environmental objective Short name
(1) To protect coral reef Coral reef
(2) To protect breeding areas Breeding
(3) To protect mangroves Mangrove
(4) To maintain clean beach Beach
Group B: Economic/Fishery objective
(1) To increase the income from the fishery Income
(2) To provide individual ownership of fishing rights Ownership
(3) To maintain the fair distribution of fishery benefits
among villagers
Fairness
(4) To prevent the use of destructive gears (e.g.,
poisonous chemicals, explosives, small mesh nets)
Destructive gear
Group C: Social objective
(1) To reduce conflicts in the village Conflict
(2) To improve communications among villagers Communication
(3) To maintain the social hierarchy in the village Hierarchy
(4) To prevent outsiders from entering the fishing grounds Outsiders
Group D: Cultural objective
(1) To protect culturally significant marine resources Key resources
(2) To maintain the practice of traditional ceremonies in
the village
Tradition
(3) To maintain the practice of religious activity in the
village
Religious
of the study. The survey interviews were undertaken by
local researchers from the University of Pattimura, all of
whom attended training and information sessions. The survey
participants were provided with information sheets explaining
voluntary nature of the study and verbal informed consents were
obtained prior to the interview in accordance with the National
Statement. The demographic information for the total number of
survey respondents (53) is summarized in Table 2. Respondents
are skewed in terms of gender, religion and ethnics due to the
nature of the fishery sector in the region (e.g., men are involved
with catching fishwhile women are involvedwith post-harvesting
and marketing).
Grouping Fishers with Similar Objectives
We use a Principal Component Analysis (PCA) to evaluate
if there are groups of fishers who hold similar objectives
for community-based management (Sasi laut) in their local
area. PCA is a multivariate technique that produces a set
of abstract variables (called principal components) which are
weighted linear combinations of the original variables (James
and McCulloch, 1990; Robertson et al., 2001).The components
are constructed so as to maximize the variance explained
by each component and in such a manner that they are
uncorrelated (orthogonal). In ecology, the technique has been
used primarily to display the relative positions of data points
in fewer dimensions while retaining as much information as
possible, and explore relationships between dependent variables
(Syms, 2008).
TABLE 2 | Demographic summary of respondents.
DEMOGRAPHIC
Age 21–71, mean 39.4 years old
Gender Male (53), female (0)
Formal school education 8.25 years
Subdistrict Kei Kecil (17), Dullah Utara (36)
Ethnic Kei-Buton (43), Banda (4), Seram (2), Other (4)
Religion Islam (50), Catholic (3)
FISHING OPERATIONS
Proportion of gear/boat owned 0.45 (mean)
CPUE coastal species 65 kg/day (median), 141.5 kg/day (mean)
In most socioeconomic studies measures of, for instance,
resource users’ beliefs, perceptions, and satisfaction levels are
mostly not directly observable, and they usually have to be
collected by survey questionnaires where respondents are asked
to declare their perceptions and beliefs and their degree of
satisfaction (e.g., Salini and Kenett, 2011). The information with
regard to these measures is therefore usually collected by means
of categorical variables that are measured on an ordinal-level
scale.
Since our data on fishers’ perceptions about social and
ecological status are expressed in ordinal scale, we adopted
a non-linear PCA. Unlike classical linear PCA, non-linear
PCA does not require the adoption of an a priori difference
between classification categories and does not presuppose a
linear relationship among the observed variables (Ferrari and
Barbiero, 2011). Despite its advantages, few empirical examples
exist that have applied non-linear PCA to social and economic
data (Vrooman, 2012). Non-linear PCA was conducted using the
Gifi package which is the extension of the homals package (De
Leeuw and Mair, 2009) in R. Fifteen variables related to Sasi laut
objectives (Table 1) were used as input variables.
From a policy perspective, it is important to understand
whether certain factors, such as demographic or other
factors, have significant influence on how individuals perceive
community-based management objectives. We selected three
demographic factors (subdistrict, age, and fishing experience)
to test whether the individual PCA scores for each component
are different among different demographic groups using non-
parametric Kruskal-Wallis rank sum tests. The null hypothesis
is that there is no difference between mean PCA scores among
different demographic groups. The continuous factors are
discretized into 3 groups: age (20–35, 35–50, 50–71 years old);
and fishing experiences (4–14, 14–24, 24–40 years) gaining
segments of approximately equal size. Other demographic
characteristics, such as ethnicity and religion, was not included
as the majority of respondent (81.1 and 94%, respectively, for
the two regions) identify as one ethnic group (Kei-Buton) and
religion (Islam). Years of residence was also excluded as our
preliminary analysis suggests that it was highly correlated with
age (Pearson’s correlation= 0.599)2.
2The correlation between all other variables was less than 0.250.
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Identifying the Relationship between
Perceived Objectives and Socio-Ecological
Status
We used Random Forests models to assess the influence of
perceived management objectives and other predictors on the
socio-ecological variables (response variables). The random
forests (RF) method is a classification and regression tool
that combines several decision trees, and an individual tree
is fit using a random sample of observations. RF can cope
with high dimensional data with highly correlated predictors
and is able to rank candidate predictors through its inbuilt
variable importance measures (Boulesteix et al., 2012; Janitza
et al., 2016). The key advantages of RF compared to parametric
methods such as generalized linear models includes the ability
to account for non-linear relationships between a predictor and
response variable. RF does not make any parametric assumptions
about the distribution of a response variable and thus does
not require normality assumptions for the data. Interactions
among predictor variables are accounted for implicitly, RF can
handle missing values of predictor variables, and RF share less
susceptible to over-fitting (Melnychuk et al., 2013).
RF have been used increasingly in ecology and fisheries
research (Cutler et al., 2007; Gutierrez et al., 2011; Sethi et al.,
2012; Melnychuk et al., 2013, 2016). We selected 3 response
variables that are indicative of management outcomes: perceived
stock status, perceived habitat status, and catch per unit effort
(CPUE) for coastal species. A RF model of 10,000 trees was used
to estimate the relative importance of variables in predicting
management outcomes for each of the three response variables.
The model for each analysis, including all predictors, is listed
in Table 3. The importance of the types of objectives held by
the respondents was investigated by including the PCA scores
(the Components) in the RF models. The analysis was conducted
using the “party” package (Version 1.0-25 Hothorn et al., 2006a)
in R. The party package enables calculation of conditional
permutation importance measures when accounting for highly
correlated predictors (Strobl et al., 2008).
The classical approach of measuring variable importance
(Breiman, 2001) has a known drawback when data include
categorical variables with different number of levels, as RF are
biased in favor of those attributes with more levels (Hothorn
et al., 2006b; Strobl et al., 2007). One solution is to use unbiased
tree algorithms that do not artificially favor splits in variables with
many categories or continuous variables. In R such an unbiased
tree algorithm is available in the ctree and cforest function
for conditional inference trees in the party package (Hothorn
et al., 2006b). We applied two permutation variance importance
measures (VIMs) based on mean absolute error (MAE) and
ranked probability score (RPS) developed by Janitza et al. (2016)
that take ordering information into account in constructing trees.
With MAE a higher penalty is given to a classification into a class
which is more distant from the true class (Janitza et al., 2016).
The RPS has been shown to be particularly appropriate for the
evaluation of probability forecasts of ordinal variables (Murphy,
1970). A comprehensive review of variable importance analysis is
given by Wei et al. (2015). Since there was very little difference
between the rankings of the two VIMs, only the result of MAE is
reported here.
RESULTS
Grouping Fishers with Similar Objectives
The scree plot (Figure 2) shows eigenvalues associated with
each component. An eigenvalues ≥1 is commonly used as a
default cut-off value when deciding the number of components
to be retained. The cumulative variables accounted for (VAF
in Table 4) suggests that four new variables (components) can
explain 71.5% of the information in the original 15 variables
(objectives), thus we selected the first 4 components to be
included in the following analysis.
Interpretation of the principal components is based on
finding which objectives are most strongly correlated with each
component, i.e., which of these numbers are large in magnitude,
the farthest from zero in either positive or negative direction.
Component loadings (analog to correlation coefficients) that are
negative are of less importance (as the scoring of the original
objectives was from 1 to 4, with 1 being not important). Here
a correlation value above 0.3 is deemed important, and the
correlations equal or larger than 0.3 are highlighted in bold in
Table 4.
The first component (comp1) is strongly correlated with
four of the original objectives, and positive sign indicating that
protection of coral reef, breeding grounds and mangrove, as
well as preventing outsiders from entering the fishing grounds
were important objectives of Sasi laut. Preventing the use of
destructive gears was considered less important objectives of
Sasi laut as indicated by the negative sign. The respondents
who fell into this first component focused more on protecting
the environment and this dimension was therefore labeled
“environment.”
The second component (comp2) is strongly correlated with
three of the original objectives that fall in the cultural category.
Here maintaining the traditional ceremony in the village
is less important objectives of Sasi laut but protecting key
cultural resources was considered important. Environmental
issues, such as clean beach, was also considered of lesser
importance. Respondents who fell in this group mostly focused
on achieving the protection of culturally important marine
resources within the communities and this component was
labeled “key resources.”
Sasi laut objectives associated with the third component
(comp 3) shows lesser importance attributed to individual
ownership of fishing right, but more importance to fair
distribution of benefit amongst villagers. This group also
attributes more importance to improving communication
between villagers. Respondents who fell into this group
attributed importance to fair distribution of benefits amongst
villagers which in their mind may also be associated with
improving communication and this dimension was labeled
“fairness.”
For the fourth component (comp 4) greater importance is
attributed to income generation to meet Sasi laut objectives.
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TABLE 3 | Variables included in the random forest model.
Variable name Types and levels
PCA dimensions Numerical
Village Categorical, 4 levels (Lairngangas, Lebetawi, Satean, Selayar)
Subdistrict Categorical, 2 levels (Dullah Utara, Kei Kecil)
Experience of fishing Numerical (years)
Age Numerical (years old)
Years residency Numerical (years)
Years of formal education Numerical (years)
Alternative job Categorical, 2 levels (Yes/No)
CPUE for coastal species* Numerical (kg/day)
Cost of fishing operation Numerical (Indonesian Rupiah/day)
Area closed Categorical, 2 levels (Present/Absent)
Number of species protected Numerical
Proportion of gear/boat owned Numerical
Sasi strength (perceived) Categorical, 3 levels (weakened, no change, strengthened)
Catch trend (perceived) Categorical, 3 levels (decreased, no change, increased)
Stock (perceived) Categorical, 5 levels (much decreased, slightly decreased, no change, slightly increased, much increased)
Habitat (perceived) Categorical, 5 levels (much worse, slightly worse, no change, slightly better, much better)
Intra village conflict Categorical, 2 levels (present/absent)
Inter village conflict Categorical, 2 levels (present/absent)
Relationship with village leader Categorical, 2 levels (good, not good)
Relationship with fishery officer Categorical, 3 levels (good, not good)
Outsiders sighting Categorical, 2 levels (present/absent)
Urbanization Categorical, 4 levels (not affected, slightly affected, somewhat affected, totally affected)
Population growth Categorical, 4 levels (not affected, slightly affected, somewhat affected, totally affected)
Deforestation Categorical, 4 levels (not affected, slightly affected, somewhat affected, totally affected)
Aquaculture Categorical, 4 levels (not affected, slightly affected, somewhat affected, totally affected)
Tourism Categorical, 4 levels (not affected, slightly affected, somewhat affected, totally affected)
*Examples of coastal species included in the CPUE are bluefin trevally (bubara), ornate emperor (sikuda), grouper or coral cod (kerapu), squid (cumi), snapper-like species (kakap merah,
tenggiri, baronang), parrot fish (kakakutua), and small reef fishes, such as fusilier (lalosi).
Reducing levels of conflict in the village, and maintaining
the social hierarchy in the village are considered of lesser
importance. Respondents who fell into group four attributed
importance to the economic (income) objective while attributing
less importance to social aspects, this dimension was labeled
“income.”
A biplot (Figure 3) represents the individual respondents’
component scores (points) and the loadings (vectors, Table 4)
that represent correlations of the original 15 objectives for the
first two principal components (comp 1 and 2 where eigenvalues
are highest). The length of the vectors (arrows) corresponds to
the strength of the correlation (Table 4). It allows us to visualize
the magnitude and sign of each objective’s contribution to the
first two components, and how each respondent is represented
in terms of those components. A group of vectors pointing in
the same direction corresponds to a group of individuals who
have the same perceptions about the objectives of Sasi laut. For
instance, individuals whose vectors point toward top left-hand
side (with eigenvalues greater than 1) have the same general
perceptions about the importance of Sasi’s objectives, that is they
value the protection of key cultural resources and prevention of
destructive gear use.
Figure 4 presents biplots for demographic variables (only
the components of significant results are shown). Kruskal-
Willis rank sum test results (Table 5) suggest that fishing
experience differs significantly between individuals who value
“environment,” and “fairness.” For example, individuals in the
experienced age group (24–40 years) tend to have higher PCA
scores for component 1 than those in less experienced groups
(Figure 4ia), and therefore place higher value on protecting
environment than the less experienced generation of fishers.
Similarly, experienced individuals tend to have higher PCA
scores for component 3 (Figure 4ib) indicating that experienced
fishers tend to place higher values on fair distribution of
benefits relative to inexperienced fishers. The respondents’
subdistrict had a significant effect on all components (Table 5).
Individuals in Dullah Utra tend to care more about protection
of environment and key resources, and fair distribution of
benefits than people in Kei Kecil, while caring less about income
(Figures 4iia,b).
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Identifying the Relationship between
Perceived Objectives and Socio-Ecological
Status
A figure showing variable importance (VI) ranking for three
response variables (stock status, CPUE and habitat status) are
given in Figure 5. The first response variable, perceived stock
status, is most influenced by perceived habitat status, the level of
deforestation, and whether “environment protection” is valued
in community-based management (component 1 is ranked 3rd).
FIGURE 2 | Scree plot showing eigenvalues and number of
components.
Whether the person values “fairness” (component 2), or “income”
(component 2) also had an impact, but were ranked lower in 6th
and 7th place, respectively.
The three most important variables for perceived habitat
status are deforestation, perceived stock status, and relationship
with fishery officers. The perception of habitat status was to
some degree explained by whether people valued “fairness”
(component 3) but this was to a lesser extent (ranked 5th).
In contrast, how the respondents valued different objectives of
Sasi laut did not contribute much to explaining the CPUE,
except for “income” (component 4 is ranked 5th). The variables
that did explain CPUE were the relationship with fisheries
officer, deforestation, population growth, perceived stock status,
and urbanization and income (at 5th rank together with
urbanization).
DISCUSSION
The importance of community support has been highlighted
in a number of studies in successful marine conservation
and natural resource management (Pomeroy et al., 2011;
Cinner et al., 2016). Common pool resource literature mostly
focusses on identifying community-level conditions that facilitate
successful management, with lesser emphasis on individual-level
characteristics and perceptions that influences the behavior of
participants in such a community-based resource management
systems (Chaigneau and Daw, 2015).
The aim of this study in Kei, Indonesia, was to better
understand objectives individual people hold with respect to their
local community-based management system. In addition, the
investigation provides insights into the link between personal
TABLE 4 | Loadings for PCA.
Group Objectives Principal component
Comp1 Environment Comp2 Key resources Comp3 Fairness Comp4 Income
Environment Coral reef protection 0.309 0.166 −0.141 −0.203
Breeding area protection 0.320 −0.081 0.018 −0.218
Mangrove protection 0.336 −0.047 0.025 0.117
Clean beaches 0.155 −0.486 0.035 0.161
Economic/fishery Fishery income 0.075 0.216 −0.101 0.523
Individual ownership of fishing rights 0.239 −0.132 −0.494 −0.163
Fair distribution of benefit −0.198 −0.218 0.592 0.133
Destructive gear use −0.327 0.192 0.187 0.066
Social Conflict in the village −0.254 0.004 −0.288 −0.461
Communication amongst villagers 0.265 −0.144 0.369 −0.153
Social hierarchy 0.196 0.139 0.245 −0.414
Outsider access to fishing grounds 0.425 0.084 0.201 0.101
Cultural Key cultural resources −0.143 0.483 −0.016 −0.209
Traditional ceremonial practices 0.139 −0.491 0.01 0.184
Religious activities 0.25 0.241 0.134 0.233
Cumulative VAF % 28.12 48.70 62.51 71.53
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FIGURE 3 | A biplot showing individual respondents’ PCA scores (points) and loadings of the original 15 objectives (vectors) in the space of the first 2
components.
perceptions and conservation and sustainability outcomes of
coral reef fisheries managed under this community-based
resource management system, using an example of traditional
marine tenure referred to as Sasi laut. The traditional marine
tenure system has been in place in the Kei Islands for decades
and is well-embedded into community consciousness. Even
though the community-based management system in Kei has
been operating for an extended time period, heterogeneity in the
fisher’s objectives for the community managed marine system
remains. The heterogeneity in the objectives people hold in
Kei go hand in hand with fisher’s perception that Sasi laut has
disappeared (Hoshino et al., 2016) and is not achieving the
stated and perceived aims. Conflicting objectives and moreover,
perceptions that objectives are not being met can make socio-
ecological systems more difficult to manage, thus requiring
solutions to be found.
Our study suggests that there is considerable variability in
individual fisher’s perception of the importance of marine tenure
objectives and that there are groups of fishers who mostly
value either environment, key resources, fairness, or income.
Demographic characteristics in terms of fishing experience
significantly influence the different objectives that are held. For
instance, more experienced fishers attribute greater value to
environmental protection and equity aspects of Sasi laut whereas
less experience fishers value income. The fact that experience
affects the level of interest in environment and protection
is observed globally in relation to many different aspects of
natural resource management (Liere and Dunlap, 1980). Age
often also explains interest in the environment, but this was
not significant in this study. The importance of individual
characteristics on predicting positive or negative attitudes toward
marine management has also be found elsewhere, for instance
with respect to MPAs in the Philippines (Chaigneau and Daw,
2015) although the focus of this study was not on individual
variability in objectives per se. Moreover, our study provides
evidence that the objectives individual people hold is linked
to people’s perceived and realized outcomes of community-
based resource management in terms of the conservation of
aquatic resources and economic returns from fisheries. Because
support for the local community-based management system
in Kei is under threat, engagement of fishers of all ages and
backgrounds in a culturally appropriate process of understanding
and deliberation of marine tenure systems will be crucial in order
to stop further erosion of community support.
The objectives people held for Sasi laut also varied
geographically. In the two subdistricts in this study people
differed with respect to the value they attributed to the
environment, key cultural resources, fairness, and income aspect
of Sasi laut, with people in Kei Kecil tending to value income
more than those in Dullah Utara. Many unobserved factors are
likely to contribute to the geographic differences in objectives in
the two subdistricts given that the average years of experience
is similar (18.3, 17.0, respectively), but other factors such as
social capital in the villagers’ community, household income,
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FIGURE 4 | Biplots for individual PCA scores by demographic variables [by experience for (i), by subdistrict for (ii)].
knowledge about Sasi laut, or information availability for Sasi laut
outcomes, are not included here but may contribute to explaining
this difference.
Our case study also highlights the importance of land based
activities in predicting people’s perception of coastal resource
management outcomes. People’s perceptions of Sasi laut’s
outcomes are most affected by deforestation in the catchment.
In addition, where CPUE is concerned two additional large scale
factors, population growth and urbanization also play a role. This
can be explained by the fact that fishers use timber harvested
in the local forest area to make canoes and traditional lift nets
(bagan). As the fishery’s production increases, fishers require
more timber to build these gears and vessels. As a result, there
is feedback between deforestation and land development (i.e.,
population growth and urbanization) and fishery productivity.
Such an intimate feedback system between land activities
and outcomes of traditional marine tenure system suggests
that there may be a need to broaden the understanding of
coastal-based community management objectives to be better
integrated with whole of catchment management objectives. In
Kei Islands, investigating the link between the implementation
of Sasi darat and Sasi laut may be an important next step
to take to ensure sustainable outcomes in the future. There
TABLE 5 | Kruskal-Willis rank sum test results.
Subdistrict Age Experience
χ
2 p-value χ2 p-value χ2 p-value
Environment
(Comp1)
18.89 0.00 31.84 0.42 37.34 0.02
Key resources
(Comp2)
4.32 0.00 34.49 0.30 17.01 0.76
Faireness
(Comp3)
12.17 0.00 35.49 0.27 33.57 0.05
Income
(Comp4)
7.96 0.00 37.51 0.20 33.29 0.06
The significant results (p-value ≤ 0.05) are highlighted in bold.
is evidence from Maluku that connecting the terrestrial,
coastal, and marine system is possible. Traditional agricultural
practice called “Dusun” exist in small islands of Maluku as a
traditional agroforestry systems to protect forestry resources and
agricultural crops as the source of income and food security
as well as to prevent erosions and environmental degradation.
The practice is traditionally limited to land activities, but there
has been a new paradigm shift to include coral reef, mangrove,
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FIGURE 5 | Ranking of variable importance for perceived stock status,
perceived habitat status, and CPUE (rank proportional to circle size).
and sea weed into Dusun as integrated agriforestry system
(Wattimena, 2003). The basic principle is to protect marine
by protecting forest and watershed in small islands. Another
interesting research avenue would be to investigate whether such
paradigm shift has occurred in other parts of the world in the
community-based coastal resource management for small islands
and to learn from their experience.
CONCLUSION
Community support for traditional marine tenure systems that
are locally managed is essential for their continued existence
and their success. The heterogeneity in individual fisher’s
perception of the relative importance of various community
management objectives, as evident in this study, could explain
the erosion of community support for traditional marine
tenure in Kei. To develop a future management system that
maintains the roles of traditional tenure systems, renewed
effort is required to engage local communities in a culturally
appropriate and sensitive manner and to gain a shared
understanding of management’s basic objectives. In addition, to
ensure future marine management is not undermined by the
impacts of land based activities, a coastal-based approach needs
to be better integrated with whole of catchment management
objectives. Only a shared and holistic understanding of the
ultimate aim of local marine area management will be able
to unite a heterogeneous group of people, who hold different
priorities and objectives, and continue the traditional tenure
approach.
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